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SECTION  I 


SUMMARY 

A  theoretical  Wiener  multichannel  filter  was  designed  and  applied 
to  all  operating  subarrays  for  14  noise  samples  and  three  signals.  The  filter 
system  chosen  had  a  disk  signal  model  (11  km/sec  to  infinite  velocity)  and  a 
noise  annulus  (2  to  6  km/ sec)  and  exhibited  good  wavenumber  response  to 
0.2  cps. 

Preliminary  analysis  showed  that  it  was  necessary  to  equalize 
the  noise  at  the  low-frequency  peak  (0.  2  to  0.  3  cps)  prior  to  processing  to 
obtain  consistent  noise  "ejection  at  low  frequency.  Because  of  the  peaked 
spectrum,  equalization  could  be  accomplished  by  adjusting  the  25  channels 
in  a  subarray  to  have  the  same  RMS  noise  level  (i.  e. ,  1  -point  equalization). 

Two  measured-noise  Wiener  filters  were  designed  using  an 
infinite -velocity  signal  model  (with  30 -percent  gain  fluctuation  added).  Their 
noise  rejection  was  about  2  db  better  than  the  theoretical  system  over  most  of 
the  0-  to  5-cp8  band. 

The  theoretical  Wiener  filter  performed  about  as  well  as  the 
maximum  -likelihood  filter  that  had  been  applied  to  a  noise  sample  not  used  in 
its  filter  design.  The  measured-noise  Wiener  filter  performed  almost  as  well 
as  the  maximum-likelihood  filter  chat  had  been  applied  to  the  noise  sample  from 
which  it  was  designed. 

Within  a  subarray^  the  noise  at  LASA  was  more  than  99 -percent 
predictable  at  the  micros eismic  peak  (0.2  to  0.  3  cps).  At  1.0  cps,  the  noise 
was  still  65-percent  predictable;  but  above  2.0  cps,  it  was  essentially  unpre¬ 
dictable.  These  results  are  similar  to  those  at  TFO  and  WMO  but  signficantly 
lower  than  at  CPO. 
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The  absolute  noise  level  on  seismometer  21  of  subarray  C2 
(which  was  close  to  the  average  LASA  noise  level)  was  between  0  and  6  db 
higher  than  that  at  TFO  in  the  0-  to  1.  5-cps  band.  However,  variations  in 
noise  level  larger  than  6  db  were  observed  across  LASA,  so  the  comparison 
should  be  considered  in  terms  of  average  noise  levels  only. 


1-2 


©clenoa  s©rvle<as  diviaSa.. 


SECTION  n 


INTRODUCTION 

This  report  describes  the  short -period  noise  and  signal  pro¬ 
cessing  of  LASA  subarray  data  and  discusses  some  characteristics  of  the 
noise  field  which  were  obtained  by  analyzing  the  data. 

Fourteen  noise  samples  and  three  signals  were  processed 
(Table  II -I).  Outputs  were  obtained  from  each  subarray  which  had  good 
data  for  each  noise  sample.  All  data  were  equalized  on  the  basis  of  the 
1.  0-cps  calibration  information,  antialias  filtered,  and  resampled  to  0. 1  sec 
prior  to  processing. 
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Table  II -I 

NOISE  SAMPLES  PROCESSED 


Noise 

Sample 

— 

Type 

Date 

Time 

(GMT) 

Subarrays  not 
Processed 

1 

Day  Noise 

10/29/65 

21:01:02.  6-21:06:48,5 

D3,  El 

2 

Day  Noise 

11/4/65 

00:42:00.0-00:48:00.  0 

Cl,  C2 

3 

Noise,  Aleutian 
Event 

11/10/65 

04:02:56.9-04:08:40.8 

Bl,  E2,  F3 

1  ** 

Night  Noise 

11/13/65 

02:05:00.0-02:11:00.0 

A0,  C2,  F3 

5 

Night  Noise 

„  J./25/ 65 

01:00:00.0-01:05:00.0 

6 

Night  Noise 

12/1/65 

02: 13:00.  0  -02:19:00.  0 

A0,  F3 

7 

Night  Noise 

12/4/65 

03:07:00.0-03:12:00.0 

F3 

8 

Day  Nois  e 

12/21/65 

08:41:00.0-08:46:00.0 

D1 

9 

Night  Noise 

1/22/66 

06:57:00.0-07:05:00.0 

FI 

10 

Noise,  Greece 
Event 

2/5/66 

03:02:55.4-03:11:06.  3 

FI 

11 

Day  Noise 

4/8/66 

05:18:09.  3-05:26:09.9 

Bl,  Cl 

12 

Noise,  Panama 
Event 

4/15/66 

06:44:08.  1-06:52:08.0 

Bl,  F3,  F4 

13 

Day  Noise 

4/29/66 

09:26:17.9-09:31:06.8 

Fl 

14 

Day  Noise 

3/2R/ 66 

04:26:12.  8-04:34:12.7 

B4 
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SECTION  III 


SUBARRAY  PROCESSOR  DESIGN 

The  multichannel  filter  chosen  to  process  the  subarray  data  was  a 
35-point  (3.4  sec),  8-channel,  ring-stacked  system  designed  from  theoretical 
correlations.  A  disk  signal  model  of  11  km/sec  to  infinite  velocity  and  an 
annular  noise  model  of  2  to  6  km/sec  were  used.  Tne  signal -to -noise  ratio 
was  4:1,  and  1.0-percent  spatially  random  noise  was  added  for  design  stability. 

This  particular  system  was  chosen  because 

•  Previous  experience  indicated  systems  with 
these  design  parameters  had  satisfactory 
wavenumber  responses 

•  It  was  necessary  to  precerve  high-velocity 
data  for  large -ar  /  processing. 

•  At  the  time  it  was  designed,  little  knowl¬ 
edge  of  the  subarray  noise  field  velocity 
structure  existed,  so  a  wide  low -velocity 
band  was  used  for  the  noise  model 

•  The  system  could  be  used  for  both  "long" 
and  "short"  subarrays  (Figure  III -1) 

•  •  The  cost  and  time  savings  over  measured- 

noise  systems  were  deemed  worth  some 
loss  in  noise -rejection  capabilities 

Figure  III -2  through  III -6  show  the  wavenumber  response  of  the 
system  at  0.2,  0.3,  0.5,  1.0,  and2.0cps,  respectively.  Signal  attenuation  was 
less  than  2  db  at  all  frequencies.  Noise  rejection  was  good  over  the  2-  to  6 -km/ 
sec  velocity  range,  with  maximum  rejection  occurring  between  3-  and  4-km/sec 
for  all  frequencies.  Figure  III -7  shows  that  the  system's  random -noise  re¬ 
sponse  was  about  -8  o  -10  db  adove  l.  3  cps  (as  compared  with  -14  db  for  a 
straight;  sum). 
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LONG  SUBARRAY  HAS  SEISMOMETER  ON  OUTER  RING 
FOR  NORTHERN  ARM 

;hort  subarray  does  not  have  seismometer  on  outer  ring 

FOR  NORTHERN  ARM 


Figure  HI-1,  LASA  Subarray  Geometry 
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Figure  III- 5.  Reeponse  of  Theoretical  MCF  at  1. 


0  cps 
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SECTION  IV 

PREEQUALIZATION  OF  NOISE  DATA 


The  25  March  1966  noise  sample  (14)  was  used  to  check  the  per¬ 
formance  of  the  system.  Twelve  subarrays  were  processed  (A  through  D  rings), 
and  spectral  ratios  of  the  noise  out  of  the  system  to  the  noise  on  seismometer 
21  were  computed. 

Considerable  variation  from  subarray  to  subai.ray  was  observed, 
especially  at  low  frequencies;  in  some  cases,  a  ratio  greater  than  unity  was 
obtained.  This  result  suggested  that  there  were  significant  gain  inequalities 
at  low  frequency  within  a  subarray,  even  though  the  data  had  been  equalized  at 
1,0  cps  from  the  calibration  information.  The  data  were  equalized  at  low  fre¬ 
quencies  by  computing  the  RMS  noise  level  on  each  trace  and  adjusting  all  traces 
in  the  subarray  to  the  same  level.  This  tec  hnique  was  chosen  because  the  noise 
power  spectra  were  sharply  peaked  at  low  frequency  and  also  because  of  its 
simplicity. 


Figure  IV- 1.  Power  Spectra  for  the  25  Seismometers  of  Subu.rray  .Di  After 
RMS  Equalization,  2  5  March  1966  Noise  Sample 


Equalization  coefficients  usually  ranged  from  0.  6  to  1.5,  al¬ 
though  larger  variations  occasionally  occurred.  Figure  IV-1  shows  that  the 
power  spectra  in  oubarray  D-l  were  well  equalized  at  low  frequencies  (below 
1.0  cps)  using  this  method.  The  12  subarrays  then  were  reprocessed  and 
the  spectral  ratios  recomputed.  Figure  IV-2  compares  the  ratios  before  and 
after  equalization  for  three  subarrays  and  shows  that  the  data  were  much  more 
consistent  after  equalization.  Thus,  all  noise  data  were  preequalized  on  an 
SMS  basis  prior  to  application  of  the  multichannel  filter  system. 

To  determine  whether  the  preequalization  had  any  adverse 
effects  on  signals  (which  have  appreciable  energy  above  1.0  cps),  two  events 
were  processed  before  and  after  preequalization.  The  signals  were  not  appre- 

T 

ciably  affected. 

The  noise  samples  and  three  signals  then  were  processed  using 

the  theoretical  filter  system.  For  the  noise  samples,  power  spectra  of  the 

processor  output  and  seismometer  21  were  computed  for  each  subarray;  and 

the  ratio  of  the  two  was  calculated.  These  data  will  be  discussed  in  detail  in 

* 

Special  Report  No.  4.  The  noise  and  signal  subarray  outputs  were  used  in 
large-array  processing  (wavenumber -spectra  analysis  and  multiple -coherence 
processing),  discussed  in  other  LASA  reports. 


Texas  Instruments  Incorporated,  1967:  Space  and  Time  Variability  of  the 
LASA  Noise  Field,  LASA  Spec.  Rpt.  No.  4,  Contract  AF  33(657) -16678, 
to  be  published. 
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SECTION  V 


COMPARISON  OF  THE  THEORETICAL  AND  MEASURED 
NOISE  PROCESSORS 

Two  8 -channel*  ring -stacked,  measured -noise  multichannel 
filters  were  designed  so  that  the  theoretical  processor  performance  could  be 
compared  with  that  obtained  for  measured-noise  data*  Data  from  subarrays 
C2  and  B1  for  the  25  March  1966  8-min  noise  sample  were  used.  For  brevity, 
the  C2  processor  is  called  MNPl,  and  the  Bl  is  called  MNP2. 

After  preequalization,  the  data  were  approximately  whitened, 
using  a  1.0-sec  deconvolution  filter  designed  from  the  seismometer  21  output 
from  each  subarray,  and  applied  to  all  channels.  The  signal  model  was  taken 
as  infinite  velocity,  and  the  autocorrelation  function  of  the  noise  on  seismometer 
21  was  used  for  the  signal  autocorrelation.  Thirty -percent  gain  fluctuation  was 
added  to  the  signal  autocorrelations  to  prevent  the  filter  system  from  using 
gain  inequalities  to  reject  the  noise.  A  signal -to -noise  ratio  of  4:1  and  a  filter 
length  of  3.4  sec  were  used  in  the  design. 

Figures  V-l  through  V-5  show  the  wavenumber  responses  of  the 
two  filters  at  0.  2,  0.3,  0.5,  1.0,  and2.0cps,  respectively.  Because  of  the 
array  geometry,  the  wavenumber  responses  have  three -fold  symmetry.  In 
general,  the  two  systems  have  similar  responses  except  that  at  0.  3  cps  MNPl 
has  maximum  rejection  at  about  3,  0  km/ sec,  while  MNP2  has  maximum  re¬ 
jection  at  about  2,0  km/sec.  In  addition,  at  0.5  cps,  MNPx  rejection  is  iso¬ 
tropic  at  about  3.  5  km/sec,  while  MNP 2  rejection  is  directional  at  the  same 
velocity.  Figure  V-6  shows  that  the  random -noise  response  of  the  two  systems 
was  -10  to  -1  ldb  above  2.0  cps  (slightly  better  than  the  -8  to  -10  db  observed 

for  the  theoretical  processor). 
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Figure  V-7  compares  the  noise  rejection  obtained  for  the 
theoretical  filter  with  that  obtained  for  the  measured-noise  filters  at  the  two  sub¬ 
arrays.  Comparing  MNP1  and  the  theoretical  processor,  MNF1  had  about  4  db 
less  nci»e  rejection  at  0.  2  cps,  which  implies  the  noise  was  propagating  at 
velocities  greater  than  2.  5  km/ sec,  even  though  the  wavenumber  response  of 
MNP1  has  a  rejection  zone  at  about  1. 5  km/sec.  Other  analyses*  gave  no  in¬ 
dication  of  a  1.  5-km/sec  noise  mode  at  0.  2  cps.  The  reason  for  the  seemingly 
anomalous  behavior  of  MNP1  at  0.  2  cps  is  unknown.  At  0.  3  and  0.  5  cps,  the 
two  systems  have  about  the  same  noise  rejection,  which  is  compatible  with 
their  wavenumber  responses.  At  1.0  cps,  MNP1  gives  about  2  db  more  re¬ 
jection  due  to  its  better  response  at  5.5  to  6.0  km/sec.  Between  2.0  and  4.0 
cps,  MNPl  has  the  better  random -noise  response.  Note  that  both  systems  have 
more  noise  rejection  than  expected,  which  indicates  that  the  seismometer  21 
noise  level  was  higher  than  average  between  2.0  and  4.0  cps. 

Comparing  MNP 2  and  the  theoretical  processor,  the  two  systems 
have  about  the  same  noise  rejection  at  0.  2  cps.  MNP 2  has  about  the  same 
wavenumber  response  as  that  of  MNPl;  but  apparently,  the  noise -propagation 
velocity  was  different  at  the  two  subarrays,  so  the  effect  observed  for  MNPl 
at  0.2  cps  is  not  evident.  At  0.  3  cps,  MNP 2  has  about  3  db  more  noise  rejec¬ 
tion.  The  MNP2  wavenumber  response  indicates  a  2  km/sec  noise  mode  for 
which  the  theoretical  processor  has  poor  response.  Other  studies  showed  a 
low -velocity  noise  mode  at  0.  3  cps.  At  0.5  and  1,0  cps,  MNP 2  has  about  3  db 
better  rejection,  which  is  compatible  with  the  wavenumber  responses.  Between 
2,0  and  4.  5  cps  better  random -noise  response  was  obtained  from  MNP2, 


Texas  Instruments  Incorporated,  1967:  Analysis  of  Subarray  Wavenumber 
Spectra,  L ASA  Spec.  Rpt,  No.  6,  Contract  AF  33(657) -16678,  to  be 
published. 
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Figure  V-3.  Wavenumber  Response  of  Measured-Noise  Filter  at  0.  5  cps 
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RANDOM  NOISE  RESPONSE  (DB)  RANDOM  NOISE  RESPONSE  (DB) 


Figure  V-6.  Random-Noise  Response  of  Measured-Noise  Filters 


FREQUENCY  (CPS) 

C2 
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7.  Comparison  of  Noise  rejections  Obtained  by  Theoretical  and 
Measured  MCF  System, 3 


SECTION  VI 

COMPARISON  OF  MAXIMUM  -LIKELIHOOD  FILTERS  WITH 
THE  THEORETICAL  WIENER  FILTER 

* 

Flinn,  et  al  evaluated  maximum -likelihood  filtering  at  the  sub¬ 
array  level  for  two  events.  The  data  were  first  bandlimited  using  a  filter  with 
response  as  shown  in  Figure  VI -1.  Playbacks  of  filtered  single -seismometer 
outputs  (shown  in  Flinn' s  report)  indicate  that  the  region  of  significant  noise 
power  was  about  0.  3  to  3.  0  cps  after  bandlimiting. 

Using  a  150-sec  segment  of  noise  just  preceding  the  signal, 

Flinn  designed  maximum -likelihood  filters  for  each  subarray  for  both  events. 
The  filters  were  applied  to  the  noise  and  signal  and  to  an  adjacent  noise  segment 
Signal -to -noise  ratios  on  the  maximum -likelihood  outputs  were  computed  for 
both  noise  segments  (i.  e., inside  and  outside  the  design  gate).  Their  signal 
measurement  was  one -half  the  maximum  peak -to -trough  amplitude  in  the  first 
three  cycles  of  the  P  arrival;  their  noise  measurement  was  the  RMS  value  over 
the  noise  segments.  The  signal -to -noise  ratios  were  compared  with  those 
obtained  on  a  filtered  single -seismometer  output  to  determine  the  signal -to- 
noise  improvement  attained  by  maximum -likelihood  filtering.  Table  VI -1  lists 
the  average  signal -to -noise  improvement  obtained  both  inside  and  outside  the 
design  gate  for  the  two  noise  samples. 


*Flinn,  E.  A.,  R.  A.  Hartenberger  and  D.  W.  McCowan,  1966:  Two  Examples 
of  Maximum  Likelihood  Filtering  of  IA.SA  Seismograms,  Seismic  Data 
Laboratory  Report  No.  148,  8  June. 
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Table  VI -1 

RESULTS  OF  MAXIMUM -LIKELIHOOD  FILTERING  AT 
THE  SUSARRAY  LEVEL* 


Average 

S/N  Improvement 

10  November  1965 

- — ! 

25  November  1965  1 

of  All  Pubarrays 
(db) 

Realizable 

Filter 

Symmetric 

Filter 

Realizable 

Filter 

Symmetric 

Filter 

Inside  design 
gate 

9.5 

10.8 

9.0 

11.0 

Outside  design 
gate 

6.5 

6.  5 

5.5 

7.  0 

Flirrn  also  states  that  the  signal  degradation  at  the  subarray  level 
was  small,  so  improvement  values  he  gives  are  essentially  a  measure  of  the 
noise  reduction  in  the  0.  3-  to  3.0-cps  band.  Figure  VI -2  (and  the  wavenumber 
responses  shown  in  Section  III)  show  that  the  theoretical  Wiener  filter  also  gave 
little  signal  degradation;  therefore,  its  performance  can  be  compared  with 
that  of  the  maximum -likelihood  filters  by  examining  the  noise  reduction  in  the 
0.  3-  to  3.0-cps  band. 

To  compare  the  performance  of  the  two  types  of  filters,  the  10 
November  1965  noise  sample  (3)  was  chosen  because  it  covered  the  noise  seg¬ 
ment  used  in  the  design  of  the  maximum -likelihood  filters.  Figure  VI-3  shows 
the  MCF/seis  21  spectral  ratios  for  four  subarrays.  In  the  0.  3-  to  3.0-cps 
band,  the  ratios  vary,  bat  the  averages  are  about  5  to  6  db.  {Nou'  *  rejection 
for  the  other  13  noise  samples  was  about  the  same.)  These  values  are  similar 
to  those  achieved  by  the  maximum -likelihood  filters  outsiue  the  design  gate. 

Note  also  that  the  noise  rejection  achieved  by  the  measured -nois e  Wiener  filters 
v/as  almost  equal  to  that  for  the  maximum -likelihood  filters  inside  the  design 
gate.  Thus,  it  ap,  ears  that  the  Wiener  and  maximum -likelihood  filters  had 
roughly  equivalent  performances. 
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It  should  be  noted,  however,  that  a  precise  comparison  would 
require  applying  the  two  types  of  filters  to  the  same  noise  samples  and  using 
the  same  techniques  to  evaluate  their  performances.  The  format  of  the  data 
used  in  this  evaluation  would  have  made  such  a  comparison  quite  expensive;  and, 
in  view  of  the  work  previously  done,  *  the  simpler  comparison  first  discussed 
was  preferred. 


Texas  Instruments  Incorporated,  1965:  A  Comparison  of  Wiener  and 
Maximum  Likelihood  Multichannel  Filtering,  Summer  Development  Rpt, 
by  D.  Jackson,  23  Oct. 
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SECTION  'TO 
NOISE  ANALYSIS 

To  study  the  properties  of  the  noise  field  at  the  subarray  level, 
noise  sample  14  was  analyzed  at  subarrays  B1  and  C2.  The  analysis  consisted 
of  estimating  the  predictability  as  a  function  of  frequency  and  comparing  the 
absolute  noise  level  at  LASA  with  that  at  TFO. 

A.  NOISE  PREDICTABILITY 

To  estimate  the  noise  predictability,  the  data  were  first  approxi¬ 
mately  whitened  using  a  short  (1.0 -sec)  deconvolution  filter  designed  from  the 
center  seismometer.  Then,  a  7 -channel,  ring -stacked  filter  was  designed  to 
predict  the  center -seismometer  output  from  the  other  24  seismometer  outputs. 
The  filter  was  3.4  sec  long  and  was  designed  from  a  480 -sec  gate  for  both  sub¬ 
arrays.  Figure  VII -1  shows  the  fractional  prediction  error  as  a  function  of  fre¬ 
quency.  At  both  subarrays,  the  noise  was  over  99  percent  predictable  at  the 
microseismic  peak  (0.25  cps).  At  1.0  cps,  the  predictability  was  still  about 
65  percent;  and  above  2.0  cps,  the  noise  was  essentially  unpredictable. 

Typical  prediction  curves  for  TFO,  CPO,  and  WMO  are  shown  in 
Figure  VII -2.  The  noise  predictability  at  the  two  LASA  subarrays  was  about  the 
same  as  that  obtained  at  TFO  and  WMO,  but  the  predictability  was  markedly 
superior  at  CPO.  At  CPO,  three  seismometers  were  about  0.  3  km  from  the 
center  seismometers;  however,  previous  studies  indicated  that  if  only  that  part 
of  the  CPO  array  which  did  not  include  the  three  closely  spaced  seismometers 
was  used,  the  noise  was  still  more  predictable  than  at  other  stations  (Figure 
VII -3). 
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Figure  VH-3.  Noise  Predictability  for  CPO  Partial  Array 

The  prediction  filters  designed  for  subarrays  B1  and  C2  were 
applied  to  the  480 -sec  noise  sample  immediately  following  the  sample  used  in 
the  filter  design.  Figure  VII -4  shows  the  results,  which  are  quite  similar  ex¬ 
cept  below  0.  5  cps,  where  both  B1  and  C2  show  considerable  differences.  This 
suggests  that  the  spatial  organization  of  the  low-frequency  noise  has  changed 
between  samples.  The  sensitivity  of  prediction  filters  to  changes  in  the  noise 
field  is  unknown;  however,  the  apparent  short-term  instability  of  the  LASA 
noise  field  needs  further  investigation. 

B,  ABSOLUTE  NOISE  LEVELS  AT  LASA 

All  filter  responses  except  that  of  the  seismometer  were  removed 
from  the  power -dens ;ty  spectrum  of  seismometer  21,  subarray  C2.  (C2  was 

considered  representative  of  the  average  noise  level  at  LASA).  Using  the  1.0- 
cps  calibration  data,  the  spectrum  was  scaled  in  absolute  units  of  db  relative 
to  1.0  (mp)2/cps  at  1.0  cps  and  compared  to  the  spectrum  obtained  for  TFO 
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Figure  YII-3.  Noise  Predictability  for  CPO  Partial  Array 

The  prediction  filters  designed  for  subarrays  Bl  and  C2  were 
applied  to  the  480 -sec  noise  sample  immediately  following  the  sample  used  in 
the  filter  design.  Figure  VII -4  shows  the  results,  which  are  quite  similar  ex¬ 
cept  below  0.  5  cps,  where  both  Bl  and  C2  show  considerable  differences.  This 
suggests  that  the  spatial  organization  of  the  low-frequency  noise  has  changed 
between  samples.  The  sensitivity  of  prediction  filters  to  changes  in  the  noise 
field  is  unknown;  however,  the  apparent  short-term  instability  of  the  LASA 
noise  field  needs  further  investigation. 

B.  ABSOLUTE  NOISE  LEVELS  AT  LASA 

A.11  filter  responses  except  that  of  the  seismometer  were  removed 
from  the  power -dens. 'ty  spectrum  of  seismometer  21,  subarray  C2.  (C2  was 

considered  representative  of  the  average  noise  level  at  LASA.).  Using  the  1.0- 
cps  calibration  data,  the  spectrum  was  scaled  in  absolute  units  of  db  relative 
to  1.0  (mu)^cps  at  1.0  cps  and  compared  to  the  spectrum  obtained  for  TFO 
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Figure  VIi-5.  Comparison  of  Absolute  Noise  Levels  at  LASA  and  TFO 
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A  theoretical  Wiener  multichannel  filter  was  designed  and  applied  to  all  operating  subarraye  for 
14  noise  samples  and  three  signals.  The  filter  system  chosen  had  a  disk  signal  model  (11  km/sec 
to  infinite  velocity)  and  a  noise  annulus  (2  to  6  km/sec)  and  exhibited  good  wavenumber  response 
to  0.2  cps.  Preliminary  analysis  showed  that  it  was  necessary  to  equalize  the  noise  at  the  low- 
frequency  peak  (0.2  to  0.  3  cps)  prior  to  processing  to  obtain  consistent  noise  rejection  at  low 
frequency.  Because  of  the  peaked  spectrum,  equalization  could  be  accomplished  by  adjusting 
the  25  channels  in  a  subarray  to  have  the  same  RMS  noise  level  (i.  e. ,  ! -point  equalization). 

Two  measured-noise  Wiener  filters  were  designed  using  an  infinite-velocity  signal  model  (with 
30-percent  gain  fluctuation  added).  Their  noise  rejection  was  about  2  db  better  than  the  theoretical 
system  over  most  of  the  0-  to  5-cps  band.  The  theoretical  Wiener  filter  performed  about  a.t 
well  as  the  maximum-likelihood  filter  that  had  been  applied  to  a  noise  sample  not  used  in  its 
filter  design.  The  measured-noise  Wiener  filter  performed  almost  as  well  as  the  maximum- 
likelihood  filter  that  had  been  applied  to  the  noise  sample  from  which  it  was  designed.  Within 
a  subarray,  the  noise  at  LASA  was  more  than  99-percent  predictable  at  the  microseismic  peak 
(0.  2  to  0.  3  cps).  At  1.  0  cps,  the  noise  was  still  b5-percent  predictable;  but  above  2.  0  cps,  it 
was  essentially  unpredictable.  These  results  are  similar  to  those  at  TFO  and  WMO  but  signifi¬ 
cantly  lower  than  at  CPO.  The  absolute  noise  level  on  seismometer  21  of  subarray  C2  (which 
was  close  to  the  average  LASA  noise  level)  was  between  0  and  6  db  higher  than  that  at  TFO 
in  the  0-  to  1.  5-cps  band.  However,  variations  ir,  noise  level  larger  than  6  db  were  observed 
across  LASA. 
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